Six new steroidal saponins (1-6) and one known steroidal saponin (7) were obtained from the roots of Ophiopogon japonicus (L. f.) Ker-Gawl. Their structures were determined by the detailed analysis of extensive nuclear magnetic resonance and mass spectroscopic data. The in vitro cytotoxic activities of these compounds against MDA-MB-435, HepG2 and A549 cell lines were also investigated.
Introduction
Ophiopogon japonicus (L.f.) Ker-Gawl is an evergreen perennial in the family Liliaceae and mainly distributed in the Southern of China, Japan, Vietnam and India. O. japonicas is widely arti-cially cultivated in Zhejiang and Sichuan Provinces of China.
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The tuber of O. japonicus, commonly known as Maidong, is a famous herb used to treat coughs, sore throats, constipation and insomnia for thousands of years in Traditional Chinese Medicine. 2 Pharmacological studies indicated that the tubers of O. japonicus exhibit various biological activities such as immunomodulation, anti-diabetes, cardiovascular protection, anti-oxidation and anti-cancer. [3] [4] [5] [6] [7] In recent years, the signicant pharmacological effects of the tubers of O. japonicus on cardiovascular disease and cancer have drawn much attention from medicinal researchers. Previous phytochemical investigations on the tubers of O. japonicas resulted in the isolation of homoisoavonoids, [8] [9] [10] [11] [12] [13] organic acids, [14] [15] [16] saccharides 17, 18 and steroidal saponins.
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However, the bioactive ingredients of this herb are still not fully elucidated. As part of our ongoing progress to search for bioactive constituents from traditional Chinese medicine, a 75% EtOH extract of the roots of O. japonicus was investigated which led to the isolation of six new steroidal saponins (1-6) and one known steroidal saponin (7) (Fig. 1) . The in vitro cytotoxic activities of these compounds against MDA-MB-435, HepG2 and A549 cell lines were also investigated. In this paper, we describe the isolation, structural elucidation and cytotoxic activities evaluation of these steroidal saponins.
Results and discussion
The phytochemical investigation of a 75% EtOH extract of the roots of Ophiopogon japonicus (L. f.) Ker-Gawl resulted in the isolation of seven steroidal saponins (1-7), including six new steroidal saponins (1-6) and one known steroidal saponin (7) .
The known compound (7) was identied as (25R)-ruscogenin-1-O-a-L-rhamnopyranosyl-(1 / 2)-[b-D-xylopyranosyl-(1 / 3)]-a-Larabinopyranoside by comparison of its MS, 1 H NMR and 13 C
NMR data with published data in the literature.
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Compound 1 was isolated as an amorphous solid and gave a positive Liebermann-Burchard reaction. Its molecular formula was assigned to be C 44 ) in the IR spectrum indicated that the C-25 conguration of the aglycone was R. The aglycone moiety of 1 was further deduced to be pennogenin by comparison its 1 H and 13 C NMR data to those reported in the literature.
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Complete assignments of each sugar unit were achieved by analyses of their chemical shis and coupling constants obtained from extensive 1D and 2D NMR experiments, allowing the identication one b-glucopyranosyl (Glc), one a-rhamnopyranosyl (Rha) and one b-apiofuranosyl (Api) units in 1. Their absolute congurations were further determined to be D for Glc/Api and L for Rha by GC comparison of their corresponding trimethylsilylthiazolidine derivatives to the authentic samples prepared in the same procedure. In the HMBC spectrum (Fig. 2) (Agly C-3), characterized that the sequence of the sugar chain 
, and that the glycosidic site was at C-3. Therefore, the structure of 1 was established as pennogenin-
Compound 2 lower eld resonances than those of lirigramoside A, as well as an additional hydroxyl group in the aglycone moiety of 2. These observations suggested a (25R)-spirostanol aglycone moiety containing three hydroxyl groups for 2. The aglycone moiety of 2 was further identied as ophiogenin by comparison its spectroscopic data to those reported in the literature. 29 The HMBC correlations ( 1-4) suggested that they possessed the same sugar chain at C-3 as 2, but differed slightly in the aglycone moiety. The only difference was the absent of a hydroxyl group in the aglycone moiety of 3 and 4, respectively. The differences in chemical shis of C-7 (Dd + 6.3), C-8 (Dd À 5.8), C-9 (Dd + 6.8), C-12 (Dd + 5.9), C-13 (Dd À 3.2), C-14 (Dd À 34.6) and C-15 (Dd À 7.8) observed from comparative analysis of the 13 C NMR data of 2 and 3, proved the absent hydroxyl group was attached at C-14 in 2, indicating a pennogenin [25] [26] [27] 30 aglycone moiety for 3. Similarly, the differences in chemical shis of C-12 (Dd + 5.3), C-13 (Dd À 3.2), C-14 (Dd À 1.3), C-16 (Dd À 7.4), C-17 (Dd À 31.2) and C-21 (Dd + 5.6) in the 13 C NMR spectra of 4, compared with those for 2 implied the absent hydroxyl group was at C-17 in 2, the aglycone moiety of 4 was therefore identied to be prazerigenin A. 31 The structures of the aglycone moiety and the sequence of the sugar chains of 3 and 4 were further conrmed by the correlations in their HMBC spectrum (Fig. 2) . Thus, the structures of 3 and 4 were determined to be pennogenin- closed that these data were in good agreement with those of Cixi-ophiopogon B. 27 The only difference was the absent of a hydroxyl group in the aglycone moiety of 5. The aglycone moiety of 5 was further assigned as pennogenin by comparison its 1 H and 13 C NMR data to those of 3. In the HMBC spectrum (Fig. 2) 
Glc sugar moiety at C-3 for 5, which was identical to that of Cixi-ophiopogon B. The structure of 5 was therefore established to be pennogenin- (Fig. 2) . The structure of 6 was therefore established to be prazerigenin A-
All the isolates were biologically evaluated for their in vitro cytotoxic activities against MDA-MB-435, HepG2 and A549 cell lines except for compounds 3 and 4 due to insufficient amount of compounds. According to the cytotoxicity data summarized in Table 5 , compound 1 exhibited the best cytotoxicity against three tested cell lines with IC 50 values ranging from 1.69 to 4.39 mM, compounds 5 and 7 showed moderate cytotoxicity with IC 50 values ranging from 9.13 to 29.12 mM, whereas compounds 2 and 6 were nearly inactive (IC 50 > 50 mM).
Experimental
General IR data (KBr disks, in cm À1 ) were recorded on a Bruker Tensor 27 spectrometer (Bruker Corporation, Faellanden, Switzerland). Optical rotations were acquired using a JASCO P-1020 digital polarimeter (JASCO Corporation, Easton, MD, USA). NMR spectra were obtained on a Bruker Avance 500 NMR spectrometer (Bruker Corporation, Faellanden, Switzerland) using pyridine-d 5 and tetramethylsilane as solvent and internal standard, respectively. Melting points were measured on a Buchi melting point B-545 apparatus (Buchi Instrument, Switzerland) without correction. ESI-MS and HRESI-Q-TOF-MS spectroscopic data were acquired on an Agilent 1100 Series MSD Trap mass spectrometer (Agilent Technologies, Santa Clara, CA, USA) and Agilent 6520 ESI-Q-TOF spectrometer (Agilent Technologies, Santa Clara, CA, USA), respectively. D101 macroporous resin (Shaanxi Lanshen Special Resin Co., Xian, China), silica gel 
Cytotoxicity assay
The in vitro cytotoxic activities of the isolates against MDA-MB-435, HepG2 and A549 cell lines were measured by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as described in the literature 32 and 5-uorouracil was used as positive control. All cells lines were purchased from the Cell Bank of the Shanghai Institute of Chinese Academy of Sciences and incubated at 37 C in a humidied atmosphere of 95% air and 5% CO 2 , with high glucose DMEM medium (Gibco, Grand Island, NY, USA) containing 10% fetal bovine serum (Life Technologies Corporation, Carlsbad, CA, USA) used as culture medium. The cells in logarithmic phase were seeded in 96-well plates for 12 h, then the medium was replaced by fresh medium containing test compounds at various concentrations and treated for an additional 48 h. At the end of the treatment period, the medium was replaced by 100 mL of fresh medium containing 0.5 mg mL À1 MTT and the cells were cultured for a further 3 h. The medium solution was then removed and 150 mL of DMSO was added to dissolve the MTT reduction product (formazan crystals). The optical density was measured by detection of the absorbance at 570 nm and reference wavelength of 650 nm on a microplate reader.
Conclusions
Steroidal constituents exhibit various biological activities due to diversity of their chemical structures. The clear antitumorigenic properties of steroidal constituents have attracted the attention of pharmaceutical researchers for the development of anticancer drugs. In this work, six new steroidal saponins (1-6) and one known steroidal saponin (7) were obtained and characterized from the root of O. japonicas. Cytotoxicity data of these compounds against MDA-MB-435, HepG2 and A549 cancer cell lines in vitro indicated that compound 1 exhibited signicant cytotoxicity with IC 50 values ranging from 1.69 to 4.39 mM, compounds 5 and 7 showed moderate cytotoxicity with IC 50 values ranging from 9.13 to 29.12 mM. These compounds may have a possibility for use in anticancer drug development.
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